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science than this. The committees are gen- 
erally continued from year to year, and thus 
form permanent working bodies, each pursuing 
a definite object. Naturally, nearly all the 
work will be done by one or a small number of 
members ; but the latter have the advantage 
and stimulus of the co-operation and advice 
of their fellow members, who again are in a 
position to provide for the continuance of the 
work in case the person in charge gives it up. 
An idea of the present importance of this fea- 
ture of the organization may be gained from 
the fact, that there are more than forty such 
committees at work, reporting annually. Some 
examples may be cited to show the character 
of the work undertaken : A committee on 
underground temperature collects determina- 
tions of the rate of increase of temperature in 
mines, and other places where it is possible to 
determine it ; another is collecting and inves- 
tigating meteoric dust ; another investigates 
the lunar disturbance of gravity ; Mr. Francis 
Galton is at the head of a committee devising 
a system of statistical measurements of human 
beings ; the economists have a committee in- 
vestigating the rate of wages, and its relation 
to economic progress. In a word, a range of 
subjects from tables of binary quantics to pat- 
ent legislation, and the migration of birds, are 
being regularly investigated. We wish there 
could be a body of men in this countrj 7 pursu- 
ing similar objects. 

The number of Americans present at the 
meeting was even greater than could have been 
expected ; and the high character of the Ameri- 
can representation is sufficiently shown by the 
fact that six ex-presidents of the American 
association were in attendance. 



STEPS TOWARDS A KINETIC THEORY 
OF MATTER. 1 

The now well-known kinetic theory of gases is a 
step so important, in the way of explaining seemingly 
static properties of matter by motion, that it is scarcely 
possible to help anticipating, in idea, the arrival at a 
complete theory of matter, in which all its properties 
will be seen to be merely attributes of motion. 

Bich as it is in practical results, the kinetic theory 
of gases, as hitherto developed, stops absolutely short 
at the atom or molecule, and gives not even a sug- 
gestion towards explaining the properties in virtue 
of which the atoms or molecules mutually influence 
one another. 

1 Address to the mathematical and physical section of the 
British association at Montreal, Aug. 28, 1884, by Professor Sir 
William Thomson, M.A., LL.D., D.C.L., P.R.S., L. & E., 
F.R.A.S., president of the section. 



Every one who has hitherto written or done any 
thing very explicit in the kinetic theory of gases has 
taken the mutual action of molecules in collision as 
repulsive. May it not, after all, be attractive ? Im- 
agine a great multitude of particles enclosed by a 
boundary which may be pushed inwards in any part, 
all round, at pleasure. Now station an engineer 
corps of Maxwell's army of sorting demons all round 
the enclosure, with orders to push in the boundary 
diligently everywhere when none of the besieged 
troops are near, and to do nothing when any of them 
are seen approaching, and until after they have 
turned again inwards. The result will be, that, with 
exactly the same sum of kinetic and potential ener- 
gies of the same enclosed multitude of particles, the 
throng has been caused to be denser. Now, Joule's 
and Thomson's old experiments on the efflux of air 
prove, that if the crowd be common air, or oxygen, 
or nitrogen, or carbonic acid, the temperature is a 
little higher in the denser than in the rarer condition 
when the energies are the same. By the hypothesis, 
equality of temperature between two different gases, 
or two portions of the same gas at different densities, 
means equality of kinetic energies in the same num- 
ber of molecules of the two. From the observations 
proving the temperature to be higher, it therefore 
follows that the potential energy is smaller in the 
condensed crowd. This (always, however, under 
protest as to the temperature hypothesis) proves 
some degree of attraction among the molecules, but 
it does not prove ultimate attraction between two 
molecules in collision, or at distances much less than 
the average mutual distance of nearest neighbors in 
the multitude. 

We must look distinctly on each molecule as being 
either a little elastic solid, or a configuration of mo- 
tion in a continuous, all-pervading liquid. How we 
can ever permanently rest anywhere short of this last 
view is not evident ; but it would be a very pleasant 
temporary resting-place on the way to it, if we could, 
as it were, make a mechanical model of a gas out of 
little pieces of round, perfectly elastic, solid matter, 
flying about through the space occupied by the gas, 
and colliding with one another, and against the sides 
of the containing vessel. But alas for a mechani- 
cal model consisting of the cloud of little elastic 
solids flying about amongst one another! Though 
each particle have absolutely perfect elasticity, the 
end must be pretty much the same as if it were but 
imperfectly elastic. The average effect of repeated 
and repeated mutual collisions must be to gradually 
convert all the translational energy Into energy of 
shriller and shriller vibrations of the molecule. Even 
if this fatal fault in the theory did not exist, and if 
we could be perfectly satisfied with the kinetic the- 
ory of gases founded on the collisions of elastic solid 
molecules, there would still be beyond it a grander 
theory, which need not be considered a chimerical 
object of scientific ambition, — to explain the elas- 
ticity of solids. 

If we could make out of matter devoid of elasticity 
a combined system of relatively moving parts, which, 
in virtue of motion, has the essential characteristics 
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of an elastic body, this would be at least a finger-post, 
pointing a way which we may hope will lead to a ki- 
netic theory of matter. Any ideal system of material 
particles, acting on one another mutually through 
mass-less connecting springs, may be perfectly imi- 
tated in a model consisting of rigid links jointed to- 
gether, and having rapidly rotating fly-wheels pivoted 
on some or on all of the links. The drawings (figs. 1 
and 2) illustrate two such material systems. The di- 
rections of rotation of the fly-wheels in the gyrostatic 





Fig. 1. 



Fie. 2. 



system (fig. 2) are indicated by directional ellipses, 
which show in perspective the direction of rotation of 
the fly-wheel of each gyrostat. The gyrostatic system 
(fig. 2) might have been constituted of two gyrostatic 
members, but four are shown for symmetry. The 
enclosing circle represents in each case, in section, an 
enclosing spherical shell to prevent the interior from 
being seen. In the inside of one there are fly-wheels ; 
in the inside of the other, a massless spring. The 
projecting hooked rods seem as if they are connected 
by a spring in each case. If we hang any one of the 
systems up by the hook on one of its projecting rods, 
and hang a weight to the hook of the other projecting 
rod, the weight, when first put on, will oscillate up and 
down, and will go on doing so forever, if the system 
be absolutely unf rictional. If we check the vibration 
by hand, the weight will hang down at rest, the pin 
drawn out to a certain degree ; and the distance drawn 
out will be simply proportional to the weight hung on, 
as in an ordinary spring-balance. 

Here, then, out of matter possessing rigidity, but 
absolutely devoid of elasticity, we have made a per- 
fect model of a spring in the form of a spring-balance. 
Connect millions of millions of particles by pairs of 
rods such as these of this spring-balance, and we 
have a group of particles constituting an elastic solid. 

The gyrostatic model spring-balance is arranged to 
have zero moment of momentum as a whole, and 
therefore to contribute nothing to the Faraday rota- 
tion. With this arrangement, the model illustrates the 
luminiferous ether in a field unaffected by magnetic 
force. But now let there be a different rotational ve- 
locity imparted to the jointed square, round the axis 
of the two projecting hooked rods, such as to give a 
resultant moment of momentum round any given line 
through the centre of inertia of the system, and let 
pairs of the hooked rods in the model thus altered, 



which is no longer a model of a mere spring-balance, 
be applied as connections between millions of pairs 
of particles, as before, with the lines of resultant 
moment of momentum all similarly directed: we 
now have a model elastic solid which will have the 
property that the direction of vibration in waves of 
rectilinear vibrations propagated through it shall turn 
round the line of propagation of the waves ; just as 
Faraday's observation proves to be done by the line 
of vibration of light in a dense medium between the 
poles of a powerful magnet. The case of wave-front 
perpendicular to the lines of resultant moment of 
momentum (that is to say, the direction of propaga- 
tion being parallel to these lines) corresponds, in our 
mechanical model, to the case of light travelling in 
the direction of the lines of force in a magnetic field. 

But now, with the view of ultimately discarding 
the postulate of rigidity from all our materials, let us 
suppose some to be absolutely destitute of rigidity, 
and to possess merely inertia and incompressibility, 
and mutual impenetrability with reference to the still 
remaining rigid matter. With these postulates, we 
can produce a perfect model of mutual action at a 
distance between solid particles, fulfilling the condi- 
tion, so keenly desired by Newton and Faraday, of 
being explained by continuous action through an in- 
tervening medium. Imagine a solid bored through 
with a hole, and placed in our ideal perfect liquid. 
For a moment let the hole be stopped by a diaphragm, 
and let an impulsive pressure be applied for an instant 
uniformly over the whole membrane, and then in- 
stantly let the membrane be dissolved into liquid. 
This action originates a motion of the liquid relatively 
to the solid, of a kind to which has been given the 
name of ' irrotational circulation,' which remains ab- 
solutely constant, however the solid be moved through 
the liquid. Thus at any time the actual motion of 
the liquid, at any point in the neighborhood of the 
solid, will be the resultant of the motion it would 
have in virtue of the circulation alone were the solid 
at rest, and the motion it would have in virtue of the 
motion of the solid itself had there been no circulation 
established through the aperture. It is interesting 
and important to remark, in passing, that the whole 
kinetic energy of the liquid is the sum of the kinetic 
energies which it would have in the two cases sepa- 
rately. Now, imagine the whole liquid to be enclosed 
in an infinitely large, rigid containing-vessel ; and in 
the liquid, at an infinite distance from any part of the 
containing-vessel, let two perforated solids, with irro- 
tational circulation through each, be placed at rest 
near one another. The resultant fluid motion due to 
the two circulations will give rise to fluid pressure on 
the two bodies, which, if unbalanced, will cause them 
to move. 

It might be imagined that the action at a distance, 
thus provided for by fluid motion, could serve as a 
foundation for a theory of the equilibrium and the 
vibrations of elastic solids, and the transmission of 
waves like those of light through an extended quasi- 
elastic solid medium. But, unfortunately, the equi- 
librium is essentially unstable. If, however, we 
connect the perforated bodies, with circulation through 
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them in the hydrokinetic system, by jointed rigid con- 
necting-links, we may arrange for configurations of 
stable equilibrium. Thus, without fly-wheels, but 
with fluid circulations through apertures, we may 
make a model spring-balance, or a model luminifer- 
ous ether, either without or with the rotational 
quality corresponding to that of the true luminifer- 
ous ether in the magnetic fluid ; in short, do all by 
the perforated solids, with circulations through them, 
that we saw we could do by means of linked gyro- 
stats. But something that we cannot do by linked 
gyrostats, we can do by the perforated bodies with 
fluid circulation: we can make a model gas*. The 
mutual action at a distance, repulsive or attractive 
according to the mutual aspect of the two bodies 
when passing within collisional distance of one 
another, suffices to produce the change of direction 
of motion in collision, which essentially constitutes 
the foundation of the kinetic theory of gases. 

There remains, however, as we have seen before, 
the difficulty of providing for the case of actual im- 
pacts between the solids. 

Let us annul the solids, and leave the liquid per- 
forming irrotational circulation round vacancy, in 
the place of the solid cores which we have hitherto 
supposed ; or let us annul the rigidity of the solid cores 
of the rings, and give them molecular rotation accord- 
ing to Helmholtz's theory of vortex motion. As to 
whether, however, when the vortex theory of gases is 
thoroughly worked out, it will or will not be found 
to fail in a manner analogous to the failure already 
pointed out in connection with the kinetic theory 
of gases composed of little elastic solid molecules, 
one cannot at present speak with certainty. 



PROGRESS OF CHEMISTRY SINCE I848. 1 

With the death of Berzelius in 1848 ended a well- 
marked epoch in the history of chemistry: with that 
of Dumas — and, alas! that of Wurtz also — in 18S4 
closes a second. 

The differences between what may properly be 
termed the ' Berzelian era,' and that with which the 
name of Dumas will forever be associated, show 
themselves in many ways, but in none more marked- 
ly than by the distinct views entertained as to the 
nature of a chemical compound. 

According to the older notions, the properties of 
compounds are essentially governed by the qualitative 
nature of their constituent atoms, which were sup- 
posed to be so arranged as to form a binary system. 
Under the new ideas, on the other hand, it is mainly 
the number and arrangement of the atoms within the 
molecule which regulate the characteristics of the 
compound, which is to be looked on, not as built up 
of two constituent groups of atoms, but as forming 
one group. Another striking difference of view be- 
tween the chemistry of the Berzelian era and that of 

1 Abstract of an address to the chemical section of the Brit- 
ish association at Montreal, Aug. 28, 1884, by Professor Henkt 
Enfield Rosoob, Ph.D., LL.D., P.R.S., F.C.8., president of 
the section. 



what we sometimes term the ' modern epoch,' is illus- 
trated by the so-called 'substitution theory.' Dumas, 
to whom we owe this theory, showed that chlorine 
can take the place of hydrogen in many compounds, 
and that the resulting body possesses characters simi- 
lar to the original. But there is another change of 
view, dating from the commencement of the Dumas 
epoch, which has exerted an influence, equal, if not 
superior, to those already named on the progress of 
chemistry, and that is, as to the use of equivalent 
or molecular weights. 

The theory of organic radicals, developed by Liebig 
so long ago as 1834, received numerous experimental 
confirmations in succeeding years. Bunsen's classi- 
cal research on cacodyl, proving the possibility of 
the existence of metallo-organic radicals capable 
of playing the part of a metal, and the isolation of 
the hydrocarbon ethyl by Frankland in 1849, laid 
what the supporters of the theory deemed the final 
stone in the structure. 

The fusion of the radical and type theories, chiefly 
effected by the discovery in 1849 of the compound 
ammonias by Wurtz, brings us to the dawn of mod- 
ern chemistry. Henceforward organic compounds 
were seen to be capable of comparison with simple 
inorganic bodies, and hydrogen capable of replace- 
ment not only by chlorine or by a metal, but by an 
organic group or radical. 

At the Edinburgh meeting of this association in 
1850, Williamson read a paper on 'Results of a re- 
search on aetherification,' -which not only included a 
satisfactory solution of an interesting and hitherto 
unexplained problem, but was destined to exert a 
most important influence on the development of our 
theoretical views : for lie proved, contrary to the then 
prevailing ideas, that ether contains twice as much 
carbon as alcohol, and that it is not formed from the 
latter by a mere separation of the elements of water, 
but by an exchange of hydrogen for ethyl; and this 
fact, being in accordance with Avogadro's law of 
molecular volumes, could only be represented by 
regarding the molecule of water as containing two 
atoms of hydrogen to one of oxygen, one of the 
former being replaced by one of ethyl to form alco- 
hol, and the two of hydrogen by two of ethyl to 
form ether. Then Williamson introduced the type 
of water (subsequently adopted by Gerhardt) into 
organic chemistry, and extended our views of the 
analogies between alcohols and acids by pointing 
out that these latter are also referable to the water- 
type, predicting that bodies bearing the same rela- 
tions to the ordinary acids as the ethers do to the 
alcohols must exist, — a prediction shortly afterwards 
(1852) verified by Gerhard t's discovery of the anhy- 
drides. 

Again, in 1852, we note the first germs of a theory 
which was destined to play an all-important part in the 
progress of the science; viz., the doctrine of valency,, 
or atomicity; and to Frankland it is that we owe this 
new departure. But whether we range ourselves 
with Kekule', who supports the unalterable character 
of the valency of each element, or with Frankland, 
who insists on its variability, it is now clear to most 



